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@ A method and a device for manufacturing dia- 
monds which are compact and high in productivity 
and further suitable for the manufacture in an indus- 
trial scaJe by improving a heating filament CVD 
method and the device thereof in which a large area 
of bases can be set and by utilizing the capability of 
a thermionic emission material effectively. A method 
for manufacturing diamonds, such that diamonds are 
deposited on the surfaces of bases provided near 
thermionic emission material by decomposing, excit- 
ing and activating a raw material gas through the use 
of the thermionic emission material heated to a high 
temperature, the raw material gas including at least 
one or more carbon sources selected from among a 
hydrocarbon including hydrocarbon oxygen and/or 
nitrogen in its bonding radical, a carbon oxide, a 
carbon halide and solid carbon, hydrogen, and if 
necessary any of an inert gas of group VIII in peri- 
odic table H2O, O2 and F2, is characterized in that, 



the periphery of the thermionic emission material 
heated is surrounded by cooling plates, and the 
bases on which the diamonds are deposited are 
interposed between the cooling plates and the ther- 
mionic emission material with small gaps, and in that 
the temperature of the surface of the bases which 
faces the thermionic emission material is adjusted 
through the use of the cooling plates, and rf neces- 
sary through the use of a buffer material inserted 
between the cooling plates and the bases, the dia- 
monds are deposited on the surface of the base 
material. 
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Technical Field 

This invention relates to an improvement relat- 
ing to a process for the production of diamond by 
gaseous phase synthesis method and an apparatus 
for practicing the same. 

Technical Background 

In the gaseous phase synthesis of diamond, a 
number of methods have been developed, for ex- 
ample, a hot filament CVD method comprising uti- 
lizing a thermoelectron radiation material heated at 
a high temperature to decompose and activate a 
raw material gas, a microwave plasma CVD meth- 
od comprising utilizing microwave plasma, a DC 
plasma CVD method comprising utilizing DC plas- 
ma, a dia-jet method comprising utilizing a DC 
plasma torch, a burner method comprising utilizing 
an oxygen-acetylene combustion flame, etc. Above 
all, the hot filament CVD method and the micro- 
wave plasma CVD method are typical methods. 

According to the hot filament CVD method 
comprising utilizing a thermoelectron radiation ma- 
terial heated at a high temperature to decompose 
and activate a raw material gas, it is possible to 
enlarge a coating zone by designing the shape of a 
filament more readily than in the other plasma 
utilizing process. Even if the thermoelectron radi- 
ation material, as an exciting source, is enlarged, 
however, the ordinary apparatus construction is so 
composed that a substrate is arranged on one 
plane to face the themoelectronic emission material 
and the utilization efficiency of the space relative to 
the thermoelectron radiation material is low so that 
the diamond-forming area is markedly limited rela- 
tively to the capacity of the exciting source. Since 
the size of the thermoelectron radiation material is 
generally smaller relatively to the size of a reaction 
vessel and diamond is formed only in the vicinity of 
the thermoelectron radiation material, the dead 
zone in a reaction vessel is large and the diamond- 
forming area is small relatively to the occupied 
area of the apparatus, so that the apparatus is not 
suitable for use as a production apparatus on a 
commercial scale. The flow of a raw material gas is 
governed by convection and is not simple near the 
thermoelectron radiation material because of using 
a reaction pressure of several ten to several hun- 
dred Torr and accordingly, effective feeding of the 
raw material gas and exhausting of the reacted gas 
cannot well be carried out. 

In the hot filament CVD method, therefore, it 
has eagerly been desired to develop a process for 
the synthesis of diamond and an apparatus for 
practicing this process, wherein a large sized ther- 
moelectron radiation material is provided as an 
exciting source and a substrate is arranged with a 



high space efficiency relatively to the thermoelec- 
tron radiation material, so that the capacity of the 
exciting source can be displayed to the maximum, 
the utility efficiency of a raw material gas in a 

5 reaction zone can be increased, the dead zone in a 
reaction vessel can be decreased and the occupied 
area of the synthesis apparatus can be reduced 
per the diamond-forming area, thus obtaining ex- 
cellent productivity with a comapct size of appara- 

70 tus. The present invention has been made so as to 
respond to the desirement. 

In various synthesis techniques of diamond, the 
inventors have made various studies to improve the 
hot filament CVD method and apparatus capable of 

is enlarging the diamond-forming area in relatively 
easy manner and to utilize effectively the capacity 
of a thermoelectron radiation material, and con- 
sequently, have reached a process and apparatus 
for producing diamond with excellent productivity 

20 as well as a compact size of apparatus, which can 
be applied to production on a commercial scale. 
The present invention can thus be accomplished. 

Disclosure of the Invention 

25 

Accordingly, the present invention provides a 
process for the production of diamond comprising 
subjecting to decomposition, excitation and activa- 
tion by a thermoelectron radiation material heated 

30 at a high temperature a raw material gas compris- 
ing at least one carbon source selected from the 
group consisting of hydrocarbons, hydrocarbons 
containing oxygens and/or nitrogens in the bonded 
groups, carbon oxides, halogenated hydrocarbons 

35 and solid carbon, hydrogen and optionally any one 
of inert gases of Group VIII elements, hfeO, O2 and 
F 2 and depositing diamond on the surface of a 
substrate provided near the thermoelectron radi- 
ation material, characterized by surrounding the 

40 circumference of the thermoelectron radiation ma- 
terial by a cooling plate, providing a substrate to be 
deposited with diamond between the cooling parte 
and the thermoelectron radiation material with small 
gaps and controlling the surface temperature of the 

45 substrate facing the thermoelectron radiation ma- 
terial by the cooling plate and optionally a buffer 
material inserted between the cooling plate and the 
substrate, thereby depositing diamond, and an ap- 
paratus for practicing the process. 

50 

Brief Description of the Drawing 

Fig. 1 (a), (b) and (c) are schematic views of 
one embodiment of the present invention. 
55 Fig- 2 (a), (b), (c) and (d) are schematic views 
of another embodiment of the present invention. 

Fig. 3 (a) and (b) are schematic views of a 
further embodiment of the present invention. 
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Rg. 4 is a side view of the same embodiment 
as that of Fig. 3. 

Rg. 5 is a schematic view of a further embodi- 
ment of the present invention. 

Rg. 6 (a) and (b) are schematic views of a 
further embodiment of the present invention. 

Rg. 7 is a schematic view of one embodiment 
of the present invention, in which a plurality of 
filaments under tension are arranged to form a 
same plane. 

Best Embodiment for Practicing the Invention 

As a particularly preferable embodiment of the 
present invention, there are a process and appara- 
tus for the production of diamond, as described 
above, in which a wire rod consisting of a high 
melting point metal, carbon fiber or carbon rod is 
used as the above described thermoelectron radi- 
ation material, a plurality of the thermoelectron 
radiation materials are vertically stretched in a 
same plane to form a plane of the thermoelectron 
radiation materials, cooling plates having substrates 
to be deposited with diamond, fitted to both the 
sides thereof, are provided to put the plane of the 
thermoelectron radiation materials between the 
cooling plates, the inside of a reaction vessel is so 
constructed that the above described raw material 
gas is allowed to flow only in the gap between the 
two cooling plates substantially facing to each oth- 
er, and the raw material gas is equally fed to the 
gap between the faced cooling plates from the 
lower part of the reaction vessel and exhausted 
from the upper part. 

In another embodiment of the present inven- 
tion, a raw material gas is blown off against the 
thermoelectron radiation materials from a plurality 
of gas feed ports fitted to a cooling plate or buffer 
matrial, and when another raw material gas is si- 
multaneously fed from the lower part of the reac- 
tion vessel, the other raw material gas having a 
same or different composition is blown off. 

In the present invention, the distance between 
the above described thermoelectron radiation ma- 
terials and the surface of a substrate to be depos- 
ited with diamond is preferably 40 mm or less, and 
in order to deposit diamond while controlling the 
• distance between the above described thermoelec- 
tron radiation materials and the surface of the sub- 
strate to be deposited with diamond correspond- 
ingly to the thickness of diamond formed on the 
surface of the substrate, it is preferable to provide 
an apparatus having a mechanism for moving a 
buffer material or cooling plate fitted with the sub- 
strate. 

In the present invention, diamond can be de- 
posited by the use of an apparatus comprising 
such a constructive element that a plane formed of 



the thermoelectron radiation materials is put in be- 
tween cooling plates each being provided with a 
substrate to be deposited with diamond, and a 
plurality of the constructive elements are provided 
5 in a reaction vessel. 

In a particularly preferable embodiment of the 
present invention, furthermore, diamond is depos- 
ited by using an apparatus comprising a means for 
forming DC plasma between the thermoelectron 
70 radiation materials as a hot cathode and a sub- 
strate fitted to the buffer material or cooling plate. 

The feature of the present invention will now be 
illustrated. 

Substrates are arranged in the vicinity of ther- 

75 moelectron radiation materials to put the ther- 
moelectron radiation materials between the sub- 
strates from both the sides thereof, which are sur- 
rounded by cooling plates, the gaps between the 
substrates facing. each other and the thermoelec- 

20 tron radiation materials are relatively narrow and a 
raw material gas is substantially flowed through the 
gaps to cause reaction thereof, whereby diamond 
is deposited at both the sides of the thermoelectron 
radiation materials. Thus, the productivity can more 

25 be increased as compared with the prior art in 
which the deposition is carried out only at one side. 

A buffer material can be fitted to the cooling 
plate and a substrate can be fitted to the cooling 
palte directly or via a buffer material (which will 

30 hereinafter be referred to as "substrate-supporting 
cooling plate" sometimes). 

Since the reaction is carried out in the gap 
formed by the substrate and thermoelectron radi- 
ation materials and decreased, particularly prefer- 

35 ably to at most 40 mm, and the diamond synthesis 
conditions can be realized by controlling the sur- 
face temperature of the substrate by the cooling 
plate and optionally the buffer material, the ther- 
moelectron radiation materials can effectively be 

40 utilized over a wide range, not in part as usual. 

Depending on the shape of the thermoelectron 
radiation material, a method of surrounding the 
circumference thereof by substrate-fitted cooling 
plates is varied, but when using a wire-shaped high 

45 melting point metal, carbon fiber or carbon rod as 
the thermoelectron radiation material, it is rendered 
possible to surround the circumference of the ther- 
moelectron radiation materials with a large area by 
the substrate to be deposited with diamond in 

50 effective manner and to largely increase the pro- 
ductivity by vertically stretching a plurality of the 
thermoelectron radiation materials to form a plane 
of the thermoelectron radiation materials and ar- 
ranging the cooling plates provided with substrates 

55 to be deposited with diamond at both the sides of 
the plane to put the plane between them. Further- 
more, the synthesis conditions of the substrates, 
arranged at both the sides of the thermoelectron 
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radiation materials, can readily be rendered equal 
to largely increase the productivity. 

Furthermore, the internal structure of a reaction 
vessel is so constructed that a raw material gas is 
flowed only through the gap between two cooling 
plates or substrate-fitted cooling plates, arranged to 
substantially face each other and to put the plane 
formed of the thermoelectron radiation materials 
between the cooling plates from both the sides 
thereof, and the raw material gas is equally fed to' 
the gap between the faced cooling plates from the 
lower part of the reaction vessel and exhausted 
from the upper part thereof. Thus, the dead zone of 
the reaction vessel can markedly be reduced to 
give a compact synthesis apparatus and the flow of 
the raw material gas is rendered uniform from the 
lower part to the upper part of the reaction vessel 
to give effective utilization of the raw material gas. 

In addition to the construction described above, 
blow-off holes are provided on the cooling plate or 
where necessary on the substrate-fixed surface and 
a carbon source gas or a mixed gas of a carbon 
source gas with hydrogen is blown off against the 
thermoelectron radiation materials from the blow-off 
holes, whereby more uniform formation of diamond 
is rendered possible on the substrates provided at 
the upper and lower part of the substrate-supported 
cooling plate vertically maintained and the synthe- 
sis speed of diamond can also be increased. 

Provision of a plurality of construction elements 
for putting the plane formed of the above described 
thermoelectron radiation materials in between the 
the substrate-supported cooling plates, etc. from 
both the sides of the plane in a reaction vessel 
results in remarkable increase of the total quantity 
of diamond-forming areas by a compact installa- 
tion. 

On the other hand, the inventors have pro- 
posed a process for the synthesis of diamond as 
disclosed in Japanese Patent Laid-Open Publica- 
tion No. 52699/1989, wherein a DC voltage is ap- 
plied to thermoelectron radiation materials connect- 
ed to a negative pole and a substrate to be depos- 
ited with diamond, connected to a positive pole, 
and DC plasma is formed between the thermoelec- 
tron radiation materials and the substrate, whereby 
to utilize, thermal activation by the thermoelectron 
radiation materials and plasma activation by the DC 
plasma. 

In the present invention, using, as a hot cath- 
ode, a plane formed of thermoelectron radiation 
materials and using, as an anode, an electrocon- 
ductive buffer material inserted in between a sub- 
strate and a cooling plate, or a substrate-fitted 
cooling plate surrounding the plane from both the 
sides thereof, a DC voltage is applied thereto to 
form DC plasma between them. Thus, it is found 
that the synthesis rate of diamond can markedly be 



increased by applying a DC power of at least 50 
W/cm 3 per unit area of a space surrounded by 
substrates provided to face each other at a pres- 
i sure of more than 50 Ton*. 

5 In an installation constructed of a plurality of 

the above described construction elements in a 
reaction vessel, it is also possible to simultaneously 
increase both the growth rate of diamond and the 
total quantity of diamond-forming areas and to 

w largely increase the quantity of diamond formed by 
using, as a cathode, thermoelectron radiation ma- 
terials and using, as an anode, a substrate or a 
substrate-supported cooling plate and if necessary, 
an electroconductive buffer material inserted in be- 

75 tween the cooling parte and the substrate, appllying 
a DC voltage thereto and thereby forming DC plas- 
ma between the thermoelectron radiation materials 
and the substrate. 

In the present invention, the distance between 

20 the thermoelectron radiation materials and the sur- 
face of the substrate is preferably at most 40 mm. 
When the distance is small, there arises such a 
problem that if diamond is grown thick during syn- 
thesis thereof, the distance between the ther- 

25 moelectron radiation materials and the surface of 
the substrate get smaller and consequently, the 
synthesis temperature rises at the growth front of 
diamond to change the synthesis conditions when 
other conditions are same, resulting in deterioration 

30 of the quality of the resulting diamond. 

This problem can be solved by providing a 
mechanism for moving the substrate-supported 
cooling plate correspondingly to growth of diamond 
so as to maintain the distance between the ther- 

35 moelectron radiation materials and the surface of 
the substrate at a predetermined value, and con- 
trolling the cooling capacity of the cooling plate. 
Thus, thick diamond can be obtained under sub- 
stantially the same conditions. 

40 According to the present invention, in the hot 

filament CVD mehtod, thermoelectron radiation ma- 
terials can be large-sized and a substrate can be 
arranged at a space position with a high efficiency 
to the thermoelectron radiation materials as an ex- 

45 citing source, where DC plasma is formed between 
the thermoelectron radiation materials and sub- 
strate. Thus, the space capacity of the exciting 
source can be exhibited at the maximum of effi- 
ciency and the exciting capacity for decomposing 

so and activating a raw material gas can markedly be 
improved. Accordingly, there can be provided a 
process and apparatus for the synthesis of dia- 
mond, which are excellent in productivity and in 
which the utility efficiency of a raw material gas is 

55 high in the reaction zone, the dead zone in a 
reaction vessel is small, the occupied area of the 
synthesis apparatus per diamond-forming area is 
small and both the diamond-forming area and syn- 
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thesis rate of diamond are large with a comapct 
apparatus. 

The present invention will now be illustrated 
with reference to the accompanying drawings in 
detail. 

Fig. 1 to Fig. 6 are schematic views of various 
embodiments for practicing the present invention, 
in which the same numerals have the same mean- 
ings. 

Referring to Fig. 1, (a) is a front view of the 
apparatus, (b) is a plan view thereof and (c) is a 
side view thereof, in which 1 designates a reaction 
vessel and 2 designates viewing windows arranged 
at the right and left sides. 

A raw material gas comprising at least one 
carbon source of hydrocarbons, hydrocarbons con- 
taining oxygen and/or nitrogen in bonding groups 
thereof, carbon oxides, halogenated hydrocarbons 
and solid carbon, hydrogen and if necessary, inert 
gases and any one of FbO, O2 and F 2 is intro- 
duced from a gas inlet 4 at the lower part of the 
reaction vessel 1 and divided to be uniformly dis- 
tributed in the reaction vessel. The reacted gas is 
exhausted upwards from a divided gas exhaust 
port 3 to uiformly exhaust the gas. Substrate-sup- 
ported cooling plates 5, provided at the front side 
and rear side, can be moved back and forth. 6 
designates tray-cum-buffer materials for supporting 
a substrate 7 provided at the front side and rear 
side, which function as a means for both fixing the 
substrate 7 and controlling the cooling capacity and 
which are fitted to the substrate-supporting cooling 
plate 5 after providing with the substrate 7. 8 
designates cooling plates at the left and right sides 
and 9 designates cooling plates at the upper and 
lower parts, which are fitted to the interior wall of 
the reaction vessel to surround the thermoelectron 
radiation mateials from left and right and from 
upper and lower. The substrate-supporting cooling 
plates 5 are arranged in such a manner that the 
gaps from the cooling plates 8 and 9 are main- 
tained as smaller as possible in order to prevent 
from gas flowing during reaction in the space be- 
tween the substrate-supporting cooling plates 5 
and the internal wall of the reaction vessel. 

Thermoelectron radiation materials 10 are con- 
structed of a large area plane of thermoelectron 
radiation materials obtained by giving a tension to 
linear thermoelectron radiation materials (high melt- 
ing point wire rods, carbon fibers), for example, 
using a weight, thereby drawing them to maintain 
the linear shape and stretching them to form a 
plane consisting of a number of the thermoelectron 
radiation materials. Each wire rod of the ther- 
moelectron radiation materials 10 is connected to 
electrodes at the upper and lower parts (not 
shown). 

Fig. 2 is a schematic view of another embodi- 



ment for practicing the present invention, in which 
(a) is a perspective view of the parts corresponding 
to 5, 6 and 7 of Fig. 1, the substrate-supported 
cooling plate 5, the tray-cum-buffer material 6 for 

5 supporting the substrate and the substrate 7. (b), 
(c) and (d) of Fig. 2 are respectively a side view, a 
view from the substrate-fitted surface and a base 
view of the tray-cum-buffer material for supporting 
the substrate. 16 gas blow-off holes 11 are pro 

70 vided and substrates 7 are arranged not to clog the 
blow-off holes 11. 13 designates a raw material gas 
feed port to the tray-cum-buffer material for sup- 
porting the substrate and 12 designates a groove 
made, as a gas flow passage, on the contact sur- 

rs face with a cooling plate of the tray-cum-buffer 
material for supporting the substrate. The depth of 
the groove 12 is so controlled that a gas is uni- 
formly blown off from the gas blow-off holes 11 
(not shown). 

20 The substrate-supporting cooling plate 5 and 
the tray-cum-buffer material 6 for supporting the 
substrate are firmly fixed without gap, so that no 
gas is substantially leaked except from the blow-off 
holes. The substrate 7 is tightly fixed to the tray- 

25 cum-buffer material 6 for supporting the substrate 
by a fixing means to decrease thermal resistance 
at the contact boundary as less as possible (not 
shown). 

The method of feeding a gas from the 

30 substrate-fitted surface shown in Fig. 2 is not al- 
ways applied to both the substrate-fitted surfaces 
faced each other, but when applied to only one 
side, a large substrate can be arranged since the 
holes on the one side are not clogged. When a gas 

35 is fed from both the substrate-fitted surfaces facing 
each other, it is desired that the position of blow-off 
holes on one side and that of blow-off holes on the 
other side are shifted somewhat each other so as 
to blow off the gas uniformly against thermoelec- 

40 tron radiation materials. 

Fig. 3 and Fig. 4 are schematic views of a 
further embodiment of the present invention for 
practicing the present invention, Fig. 3 (a) being a 
plan view and (b) being a front view, and Fig. 4 

45 being a side view. This apparatus comprises 4 sets 
of construction elements in a reaction vessel, the 
one constructuion element being so constructed 
that fundamentally, the both sides of a plane 
formed of the thermoelectron radiation materials 10 

50 is put in between the cooling plates 5 for support- 
ing the substrates 7. 

Feeding of a raw materia) gas to a reaction 
vessel 1 is carried out by feeding hydrogen or 
hydrogen and a carbon source gas and optionally 

55 an inert gas of Group VIII element of Periodic 
Table to a gap between the substrate-supporting 
cooling plates 51 and 52 supporting the substrates 
facing each other at both the sides of a plane 
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formed of the thermoelectron radiation materials 10 
from a nozzle-like raw material gas feed port 4. In 
addition, a carbon source gas or a mixed gas of a 
carbon source gas and hydrogen is fed through a 
gas feed conduit 14 to a raw material gas feed port 
13 to the tray-cum-buffer material 6 for supporting 
the substrate and then blown off against the ther- 
moelectron radiation matreials 10 from a plurality of 
gas blow-off holes 11, provided on the substrate- 
supported surface. In Fig. 3, a raw material gas is 
fed to each reaction space through a common 
circuit, but it is also possible to supply raw material 
gases differing in composition to the reaction 
spaces by providing independent feed circuits ev- 
ery reaction spaces. In this case, diamonds can 
simultaneously be synthesized under different syn- 
thesis conditions in one reaction vessel. 

These raw material gases are exhausted up- 
wards from the gas exhaust port 3 provided to be 
divided to uniformly exhaust the reacted gas in the 
upper part of each of the reaction spaces. 15 
designates a main exhaust port for evacuating the 
whole of the reaction vessel in high vacuum to- 
gether with the gas exhaust port 3. 

The cooling plates 51 and 52 for supporting the 
substrates can be moved back and forth against 
the plane formed of the thermoelectron radiation 
materials. Correspondingly to growth of diamond, 
the substrate-supporting cooling plates can be 
moved to maintain the distance between the ther- 
moelectron radiation materials and the substrate 
surface at a predetermined value. The tray-cum- 
buffer material 6 for supporting the substrate has 
both functions of fixing the substrate 7 and control- 
ling the cooling capacity and after providing the 
substrate, it is tightly fixed to the substrate-support- 
ing cooling plate 51 or 52 in such a manner that 
the thermal resistance at the contact boundary is 
maintained as little as possible. The cooling plates 
8 and 9 are respectively provided to surround the 
substrate-supporting cooling plates 51 and 52. The 
substrate-supporting cooling plates 51 and 52 
should preferably be arranged with a gap from the 
cooling plates 8 and 9, which is rendered as narrow 
as possible so that gas flow is not caused in the 
space between the cooling plates 51 and 52 and 
the inner wall of the reaction vessel during reaction. 

The thermoelectron radiation materials 10 are 
similar to those of Fig. 1 and have a power source 
for heating the thermoelectron radiation materials 
10 in each of the construction elements (not 
shown). As the heating power source, there can be 
used one common power source or respectively 
independent power sources. In this case, the tem- 
perature of the thermoelectron radiation materials 
can be varied in each of the construction elements 
and diamond can simultaneously be synthesized 
under different synthesis conditions in one reaction 



vessel, thus obtaining diamond differing in quality. 

The reaction vessel 1 is constructed of a box- 
type vessel 21 and a base plate 22. When a 
substrate is charged or discharged before or after 

s the reaction, the box-type vessel 21 is held up and 
taken away, then a cooling jacket 19 composing an 
upper cover is taken away and subsequently, cool- 
ing plates 20 in front and rear are removed. Then, 
the substrate 7 is taken away from the substrate- 

io supporting cooling plates 51 and 52 together with 
the tray-cum-buffer material 6 for supporting the 
substrate. Means for supporting the thermoelect- 
tronic emission materials 10 is of a cassette type, 
so exchange of the thermoelectron radiation materi- 

75 als can be done by exchanging a cassette carrying 
them. The substrate 7 can be set by operation in 
the reverse order thereto. 

Fig. 5 is a schematic view of a further embodi- 
ment for practicing the present invention. This em- . 

20 bodiment corresponds to the construction of Fig. 1 
(c) to which a DC power source 16 is added by 
connecting the cathode to the thermoelectron radi- 
ation materials 10 and the anode to the tray-cum- 
buffer material 6 for supporting the substrate, 

25 through current feed terminals 17. After heating the 
thermoelectron radiation materials at a high tem- 
perature, a DC voltage is applied using the ther- 
moelectron radiation materials 10 as a hot cathode 
to form DC plasma 18 mainly between the ther- 

30 moelectron radiation materials 10 and substrate 7. 

Fig. 6 is a schematic view of a still further 
embodiment for practicing the present invention, 
(a) being a plan view and (b) being a side view. In 
this embodiment, there are provided 4 sets of 

35 construction elements in a reaction vessel, each of 
the construction elements being constructed of a 
plane formed of the thermoelectron radiation ma- 
terials 10 put in between the substrate-supporting 
cooling plates 5, as in the case of Fig. 3. Since 

40 both the surfaces of the cooling plate 5 for support- 
ing the substrate 7 can be utilized, the construction 
of this embodiment is more simple and compact 
than that of Fig. 3. In this case, however, when the 
cooling plate 5 for supporting the substrate 7 is 

45 moved during synthesis, the distance from the 
thermoelectron radiation materials 10 is varied in- 
side and outside and accordingly, the substrate- 
supporting cooling plate 5 is not moved during 
synthesis, in general. 

50 A DC power source (not shown) is also pro- 
vided as in the case of Fig. 5, while a cathode is 
connected to the thermoelectron radiation materials 
10 and an anode is connected to the tray-cum- 
buffer material 6 for supporting the substrate, fol- 

55 lowed by applying a DC voltage to form DC plasma 
18. 

Each of the construction elements has a power 
source (not shown) for heating the thermoelectron 
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radiation materials. These heating power sources 
and DC power sources can use one power source 
in common or can respectively have independent 
power sources in the construction elements. When 
using an independent power source in each of the 
construction elements, the temperature of the ther- 
moelectron radiation materials and DC plasma con- 
ditions can be changed and diamond can thus be 
synthesized under different synthesis conditions in 
one reaction vessel, thereby obtaining once dia- 
mond with different qualities. 

The present invention relates to gaseous syn- 
thesis of diamond by the hot filament CVD method 
or by that jointly using DC plasma. The raw ma- 
terial gas used in the present invention includes a 
carbon source and hydrogen as essential compo- 
nents. Examples of the carbon source are hy- 
drocarbons such as ChU, C2H2, CsHs, etc., hy- 
drocarbons containing oxygen in bonding groups, 
such as CH3OH, C^HsOH, (CHa^CO, etc., hydro- 
carbons containing oxygen and nitrogen in bonding 
groups, such as CH 3 NO, etc., hydrocarbons con- 
taining nitrogen in bonding groups, such as (CH 3 )- 
2 NH, etc., carbon oxides such as CO2, CO, etc., 
halogenated hydrocarbons such as CF*, CH 3 F, etc. 
and the like. As occasion demands, at least one of 
inert gases, for example, Group VIII elementary 
gases of Periodic Table, such as Ar, He, Xe, etc. 
and H2O, oxygen and F 2 can be added. The com- 
position of the raw material gas is not particularly 
limited, but it is dedesired that carbon atoms in the 
carbon source gas are present in a proportion of at 
most 10 % to hydrogen atoms and oxygen atoms 
are present in a proportion of at most 35 % to 
carbon atoms. 

The pressure in the reaction chamber is 
generality in the range of 1 to 760 Torr, the temera- 
ture of the thermoelectron radiation materials is 
generally in the range of 1600 to 2600 * C and the 
temperature of the substrate surface is generally in 
the range of 400 to 1200 " C. 

In the hot filament CVD method, raw material 
gases are decomposed and activated by ther- 
moelectron radiation materials heated at a high 
temperature. Since active species are mainly 
trasported by diffusion in gaseous phase, synthesis 
of diamond can fundamentally be carried out in all 
directions round the surface of the thermoelectron 
radiation material, as a center, if the temperature of 
the substrate surface is in a correct range. The 
concentration of the active species becomes higher 
the nearer they approach the thermoelectron radi- 
ation materials and becomes lower the farther they 
part therefrom. 

The distance between the thermoelectron radi- 
ation materials and substrate surface is varied de- 
pending upon the temperature of the thermoelec- 
tron radiation materials, the surface thereof, the 



pressure of the reaction system, the raw material 
gases, etc., but it is required that the distance is 
within a range of at most 40 mm, preferably at 
most 30 mm, since if larger than 40 mm, the 
5 diamond growth rate becomes smaller than 0.5 urn 
/hr and no practical diamond growth rate can be 
obtained. The lower limit of the gap between them 
is 1 mm. 

It is closely related with the shape of the ther- 

10 moelectron radiation material how to enlarge the 
area of surrounding the thermoelectron radiation 
material so as to obtain a large diamond forming 
area. As the shape of a thermoelectron radiation 
material with a large area, a plate-like two-dimen- 

T5 sional shape or coil-like three-dimensional shape 
are taken into consideration. However, a ther- 
moelectron radiation material with a three-dimen- 
sional shape or constructed three-dimensionally is 
not suitable so as to satisfy the requirements that 

20 the circumference of the thermoelectron radiation 
material is surrounded by substrates at a same 
distance from the surface of the thermoelectronic 
emission material and the distance is precisely 
controlled. On the contrary, in the two-dimensional 

25 plane-like thermoelectron radiation material accord- 
ing to the present invention, substrates can be 
arranged to put the thermoelectron radiation ma- 
terial between the substrates from both the sides, 
so that the circumference of the thermoelectron 

30 radiation material is surrounded with a very high 
efficiency and the distance between the ther- 
moelectron radiation materials and the substrate 
surface can readily be controlled. 

As the thermoelectron radiation material, there 

35 can be used a large area thermoelectron radiation 
material obtained by imparting a tension to linear 
thermoelectron radiation materials to draw and 
maintain a linear shape and stretching them to form 
a same plane of a number of wires, as disclosed in 

40 Japanese Patent Laid-Open Publication No. 
72992/1989, which the inventors have proposed as 
to enlargement of two-dimensional thermoelectron 
radiation materials. Fig. 6 shows an example in the 
case of imparting a tension, for example, by a 

45 weight according to this method. In the present 
invention, this large-sized thermoelectron radiation 
material is used and put in between substrates 
facing each other, so that the circumference of the 
thermoelectron radiation material is surrounded by 

50 the substrates in high efficiency. As the ther- 
moelectron radiation material of the present inven- 
tion, for example, wire rods of high melting point 
metals such as W, Ta, Re, etc. or carbon fibers can 
be used. Furthermore, carbon rods with a high 

55 temperature strength are formed in a plane and 
used as a thermoelectron radiation material. 

In this construction, substrates facing each oth- 
er are preferably subjected to same synthesis con- 
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drtions. There is a difference between a case where 
a plane containing thermoelectron radiation materi- 
als is horizontal and a case where it is vertical. 
Where a plane containing thermoelectron radiation 
materials is horizontally arranged, a substrate posi- 
tioned above the thermoelectron radiation materials 
is at a higher temperature, due to the effect of 
convection, than that positioned below them, and 
the gas flow is different between on the upper 
substrate and on the lower substrate. On the other 
hand, where the plane containing thermoelectron 
radiation materials is vertically arranged, the sub- 
strates facing each other are substantially sub- 
jected to same synthesis conditions. 

In the vertical construction, in particular, a raw 
material gas can more smoothly be passed through 
a reaction zone by providing a reaction vessel 
having such a construction that a raw material gas 
is flowed through only the gap between two cooling 
plates substantially facing each other, whereby the 
raw material gas is uniformly fed from the lower 
part of the reaction vessel to the gap between the 
cooling plates facing each other and exhausted 
from the upper part of the reaction vessel. Since 
the gas is not fed to other parts than the reaction 
zone, the reaction gas is used for the reaction 
effectively. As one example for realizing this em- 
bodiment, it is only required that the end of a 
cooling supporting base, to which a substrate is to 
be fitted, is fixed to the inner wall of the reaction 
vessel or the* cooling jacket surrounding the same 
without substantial gap. 

In the present invention, a plurality of gas feed 
ports can be fitted to the substrate-supporting cool- 
ing plate or optionally to the buffer material in- 
serted in between the cooling plate and substrate 
and a carbon source gas or a mixed gas of a 
carbon source gas and hydrogen gas can be blown 
off from the blow-off holes opened on the surface 
to which the substrate is fixed against the ther- 
moelectron radiation materials. This blowing-off can 
fully be appropriated for feeding of the raw material 
gas or can jointly be used with the feeding of the 
raw material gas from the lower part of the reaction 
vessel as described above. Thus, it is rendered 
possible to more uniformly form diamond on the 
substrates provided at the upper part and lower 
part of the cooling plate for supporting the sub- 
strates vertically, and moreover, the synthesis rate 
of diamond can also be improved. 

This is probably due to that when the raw 
material gas is only fed from the lower part of the 
reaction vessel to the gap of the substrate-support- 
ing plates, the raw material gases fed differ in 
composition between at the lower part where the 
un reacted gas is first fed and at the upper part 
where the reacted gas by the thermoelectron radi- 
ation materials is then fed. 



Since in the present invention, an unreacted 
raw material gas with the same composition can 
directly and uniformly be supplied from the gas 
blow-off holes arranged uniformly on the substrate- 

5 fixed surface against the thermoelectron radiation 
materials, uniform synthesis of diamond in the ver- 
tical direction is considered to be possible. 

Furthermore, it is not always required that the 
raw material gas fed to the gaps of substrate- 

w supporting cooling plates from the lower part of the 
reaction vessel and the raw material gas fed from 
the gas blow-off holes arranged on the substrate- 
fixed surface are the same in gaseous composition, 
but rather, the quality of diamond can be controlled 

75 by positively changing the gaseous compositions. 

For example, high quality diamond with a less 
content of non-diamond carbon can be synthesized 
at a high rate by feeding a raw material gas con- 
taining no carbon source gas to the gaps of the 

20 cooling plates from the lower part of the reaction 
vessel, or by decreasing the proportion of carbon 
atoms to hydrogen atoms in the raw material gas to 
at most 4 % and adjusting the proportion of carbon 
atoms to hydrogen atoms in the raw material gas 

25 fed from the blow-off holes arranged on the 
substrate-fixed surface to at most 10 %, larger than 
in the raw material gas fed to the gaps of the 
cooling plates from the lower part of the reaction 
vessel. 

30 On the other hand, when one construction ele- 
ment is constructed of an element comprising 
substrate-supporting cooling plates holding a plane 
formed of the thermoelectron radiation materials 
from both the sides thereof and a plurality of the 

35 construction elements are set in a reaction vessel, 
installation parts such as reaction vessel, evacu- 
ation system, gas supplying system, etc. can joint- 
ly be used. As a result, the installation can be very 
comapcted and the installation cost can be re- 

40 duced. When at least one of the raw material gas 
feed systems, power sources for heating the ther- 
moelectron radiation materials and DC power sour- 
ces is rendered independent in each of the con- 
struction elements, diamond can readily be syn- 

45 thesized under different synthesis conditions, thus 
obtaining different quality diamonds simultaneous- 
ly- 

As a means for increasing the excitation capac- 
ity of a raw material gas of thermoelectron radiation 

so materials, it is considered to raise the temperature 
of the thermoelectron radiation materials or to in- 
crease the surface area thereof, for example, by 
increasing the number of wires or increasing the 
size of wires. In order to improve the homogeneity 

55 of the excitation source, it is preferable to densely 
stretch linear filaments. 

In order to further improve the excitation ca- 
pacity of an excitation source, the inventors have 
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proposed a method, as disclosed in Japanese Pat- 
ent Laid-open Publication No. 52699/1989, which 
comprises connecting thermoelectron radiation ma- 
terials to cathode, connecting a diamond-coated 
substrate to anode, applying a DC voltage thereto 
to form DC plasma between the thermoelectron 
radiation materials and substrates and thereby 
jointly using thermal activation by the thermoelec- 
tron radiation materials and plasma activation by 
the DC plasma. In the present invention, using a 
plane formed of thermoelectron radiation materials 
as a hot cathode and using a substrate to be 
deposited with diamond, surrounding the plane 
from both the sides thereof, substrate-supporting 
cooling plates or optionally an electroconductive 
buffer material inserted in between the cooling 
plate and substrate as an anode, applying a DC 
voltage thereto and thereby forming DC plasma 
between them. When plasma is formed by the 
electrode construction according to the present in- 
vention, such a large advantage can be obtained 
that uniform plasma is formed between the elec- 
trodes with a large area. 

In the present invention, a cathode surface is 
provided in such a manner that gas is freely 
passed through the central part of a pair of anode 
surfaces arranged to face each other, unlike in the 
ordinary plasma formation of parrallel plane system 
in which a set of a cathode surface and anode 
surface are faced each other and plasma is formed 
in a space held between them, and accordingly, 
the one cathode surface can effectively be utilized, 
so that plasma be formed in a space with a size of 
two times as large as the space of the prior art. 

The electric power for forming DC plasma is at 
least 50 W/cm 3 and the pressure is in the range of 
about 50 to 500 Torr. 

In any case, since when the excitation capacity 
of a raw material gas of the excitation source is 
desired to be improved, the calorific value is mar- 
kedly increased, it is necessary to cool the sub- 
strate so as to maintain the temperature of the 
substrate surface at 400 to 1200 'C, preferably 
700 to 1200 *C corresponding to the diamond 
forming temperature by the ordinary gaseous 
phase synthesis method. 

In the present invention, therefore, a substrate 
to be deposited with diamond is fitted to a cooling 
plate and cooled. Thus, the cooling plate must 
have a sufficiently cooling capacity. When the cool- 
ing capacity of the cooling plate is too high to 
maintain the temperature of the substrate surface 
within the above described temperatrue range ca- 
pable of synthesizing diamond even by controlling 
the flow rate or temperature of cooling water, it is 
desirable to insert a buffer material with a low 
thermal conductivity in between the cooling plate 
and substrate and to suppress the cooling capacity, 



thereby controlling the temperature of the substarte 
surface. Furthermore, the cooling plate should have 
a large area sufficient to cover the thermoelectron 
radiation materials and to cut off the heat from the 

5 thermoelectron radiation materials. 

As the material of the cooling plate in the 
present invention, there are preferably used materi- 
als having high cooling capacity, for example, 
water-cooled copper jackets, water-cooled stainless 

10 steel jackets and copper plates or stainless steel 
plates with which water-cooled pipes are tightly 
contacted. 

A substrate is directly fitted to a cooling plate 
or fitted to a cooling plate after fixed to the above 

75 described buffer material. During the same time, 
the fixing must be carried out in such a manner 
that thermal contact is sufficiently given effect to 
smoothly conduct heat conduction. Exchange of 
the substrate can more effectively be carried out 

20 by using the buffer material as a tray for fixing the 
substrate, fitting the substrate thereto outside a 
reaction vessel and then fixing to the cooling plate, 
rather than by directly fixing the substrate to the 
cooling plate. When using a material having a high 

25 heat conductivity as the buffer material, this system 
can be appropriated in a case where it is desired to 
increase the cooling capacity. 

As the buffer material as described above, 
there can be used materials having high heat con- 

30 ductivity, such as Mo, W, WC-Co, Si, AIN, etc., and 
materials having low heat conductivity, such as 
Si02, etc. 

When DC plasma is formed, the use of the 
buffer material as an anode leads to requirement of 

35 selecting a material having electroconductivity at a 
temperature when it is used. 

The material used as the substrate of the 
present invention includes high melting point met- 
als of forming carbide, i.e. Group VA and VIA 

40 metals of Periodic Table and Si, carbides, nitrides 
and carbon itrides of Group VA and VIA metals of 
Periodic Table and Si, ceramics obtained by sinter- 
ing at least one of these carbides, nitrides and 
cabronitrides with binder matrials and carbon sub- 

45 strates having intermediate layers of the above 
described materials formed. 

When DC plasma is formed, it is similarly 
required to select a material having electroconduc- 
tivity at the diamond synthesis temperature for the 

50 substrate. Above all, Si, SiC, SiaN*, Mo, W and 
carbon substrates having an intermediate layer of 
Si, vapor deposited, are particularly preferable. 
When using SiC in the case of appropriating DC 
plasma, doping of A] or N is required, and when 

55 using a sintered compact of Si3N*, it is required to 
add TIN, thereby im parting electroconductivity. 

In the present invention, the distance between 
the thermoelectron radiation materials and the sub- 
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strate surface is very important and the ther- 
moelectron radiation materials are held from both 
the sides thereof by the cooling plates which are 
respectively independent and have a function of 
controlling the distance from the thermoelectron 
radiation materials. In the apparatus shown in Fig. 
3, however, the cooling plates 51 and 52 may 
respectively be moved as a group interlocked 
closely. 

A further advantage of the present invention 
consists in that the apparatus of the present inven- 
tion has such a structure that cooling plates each 
having high cooling capacity surround and enclose 
thermoelectron radiation materials and the ther- 
moelectron radiation materials having large area 
can thus be used, so that a large electric power be 
applied. As to DC plasma, a DC plasma with a high 
energy density can be formed at a high volatge by 
applying a large electric power. 

Such thermoelectron radiation materials and 
DC plasma have very high decomposing and ac- 
tivating capacity of a raw material gas. In addition, 
a raw material gas is fed to only the gap between 
substrates substantially arranged to face each other 
and to put filaments in between them, so that the 
reaction efficiency can largely be increased. Con- 
squently, synthesis of diamond with high quality is 
rendered possible at a hgih speed, i.e. several tens 
urn /hr over a forming zone of a large area 

Example 1 

Using an apparatus substantially shown in Fig. 
1 , gaseous synthesis of diamond was carried out. A 
reaction vessel was very compact as having an 
inner size of □ 50 cm x 15 cm. As the thermoelec- 
tron radiation material 50 tungsten wires each hav- 
ing a diameter of 0.3 mm and a length of 25 cm, 
stretched vertically in a same plane, were used. 
The intervals of the filaments were varied at the 
end parts and central part in such a manner that 
the filaments were stretched to be dense at the 
end parts and to be sparse at the central part and 
the temperature distribution is thus decreased at 
the central part and end parts. When the 50 fila- 
ments were stretched, their lateral width was 25 
cm. As a cooling plate, there was used a water- 
cooled jacket whose inner reinforcement was suffi- 
ciently made by ferrite type stainless steel. As 
substrates to be deposited with diamond, 32 poly- 
crystal silicon substrates each having a size of 50 
mm x 50 mm x 3 mm t were used and the 4 
substrates were laterally arranged in one level on a 
substrate-supporting tray-cum-buffer material, fol- 
lowed by repeating this arrangement on 4 steps. A 
surface of a polycrystalline silicon substrate was 
subjected to a mirror polishing and then to a 
scratching treatment with diamond powder of No. 



5000. As the tray-cum-buffer material which, after 
fixing the substrates, was fixed to the cooling plate, 
a Mo plate with a thickness of 25 mm was used. 
As a raw material gas, hydrogen containing 3 

s % by volume of ethanol was used and introduced 
into the reaction vessel at a flow rate of 6 liter/min. 
The pressure in the reaction vessel was adjusted to 
200 Ton*. The filament temperature was adjusted to 
2150 *C and the distance between the filament 

70 and substrate was controlled, so that the tempera- 
ture of the substrate surface be 950 # C. At that 
time, the distance was 6 mm. Measurement of the 
surface temperature was carried out by making a 
hole in the Mo plate used as a tray, followed by 

75 passing a sheath thermocouple through the hole, 
further making a hole in the silicon substrate, fol- 
lowed by passing a thermocouple through the hole, 
and measuring the temperature in close vicinity of 
the surface. Under this condition, the system was 

20 maintained for 10 hours to effect syntheis of dia- 
mond. 

Consequently, diamond with an average thick- 
ness of 100 urn could be synthesized at a growth 
speed of 10 urn /hr. At the same time, the area of 

25 the formed diamond was 800 cm 2 corresponding to 
a diamond synthesis quantity much larger than that 
of the prior art apparatus. 

The resulting diamond had a very high quality 
substantially free from amorphous carbon, as re- 

30 presented by the results of Raman spectroscopic 
analysis that the ratio of the peak height of amor- 
phous carbon and the peak height of diamond was 
at most 0.05. Furthermore, the full width at half 
maximum of peak of diamond was 5.5 inverse 

as centimeter, near that of high purity single crystal. 

Example 2 

Using the same apparatus as that of Example 

40 1, i.e. the same reaction vessel, cooling partes and 
filaments, and using the tray-cum-buffer material as 
shown in Fig. 2 (a) to (d), gaseous phase synthesis 
of diamond was carried out. 

As a substrate to be deposited with diamond, 

45 there was used a polycrystalline silicon substrate of 
50 mm x 50 mm x 3 mm t, same as that of 
Example 1 , which was subjected to mirror polishing 
of the surface thereof and then to a scratching 
treatment with diamond powder of No. 5000. The 4 

so substrates were laterally arranged in one level on a 
substrate-supporting tray-cum-buffer material, fol- 
lowed by repeating this arrangement on 4 steps, 
and the substrate and tray were tightly fixed to 
reduce thermal resistance. As the substrate-sup- 

55 porting tray-cum-buffer material, a Mo plate with a 
thickness of 25 mm was used. As a raw material 
gas to be fed to the gap between the substrate- 
supporting cooling plates from the lower part of the 
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reaction vessel, hydrogen gas containing 1 % by 
volume of ethanol was flowed at a flow rate of 4.5 
liter/min, while as a raw material gas to be fed from 
blow-off holes arranged on the substrate-fixed sur- 
face, hydrogen gas containing 4 % by volume of 
ethanol was flowed at a flow rate of 0.75 liter/min 
from one substrate-fixed surface, amounting to a 
sum of 1 .5 liter/min. In the similar manner to Exam- 
ple 1, synthesis of diamond was carried out by 
adjusting the pressure in the reaction vessel to 200 
Torr, the filament temperature to 2150 *C and the 
distance between the filaments and substrate sur- 
face to 6 mm, controlling the cooling capacity of 
the cooling plates to adjust the temperature of the 
substrate surface to 980 ° C and maintaining these 
conditions for 10 hours. 

Thus, diamond with a mean thickness of 150 
urn was fast synthesized at a growth speed of 15 
urn /nr. The quality of the resulting diamond was 
comparable to that of Example 1. In Example 1, 
diamonds synthesized at the uppermost steps and 
lowermost steps of the substrate-supporting tray- 
cum-buffer material were different in film thickness 
and the film thickness at the uppermost steps was 
larger by 15 % than that at the lowermost step. On 
the contrary, in this Example, the thickness dif- 
ference was suppressed to about 5 %. 

Diamond could uniformly be synthesized with 
an improved growth speed in the diamond-forming 
zone by jointly applying a method of feeding a raw 
matetrial gas from the blow-off holes arranged on 
the substrate-fixed surface. 

Example 3 

Using substantially the same apparatus as 
shown in Fig. 3 and Fig. 4, gaseous synthesis of 
diamond was carried out. The apparatus was a 
compact installation including a reaction vessel 
with an inner dimension of 80 cm width, 65 cm 
height and 55 cm depth. As the therm oelectron 
radiation materials, there were used 50 tungsten 
wires of 0.5 mm in diameter and 30 cm in length, 
vertically stretched in a same plane in such a 
manner that the filament gaps are varied at the end 
parts and central part, i.e. stretched densely at the 
end parts and sparsely at the central part so as to 
reduce the temperature distribution between the 
central part and end parts. When 50 filaments were 
stretched, the lateral width was 25 cm. 

As a cooling plate, there was used a water- 
cooled jacket whose inner reinforcement was suffi- 
ciently made by ferrite type stainless steel. As 
substrates to be deposited with diamond, poly- 
crystalline silicon substrates each having a size of 
□ 50 mm x 5 mm t were used. A surface of a 
polycrystalline silicon substrate was subjected to a 
mirror polishing and then to a scratching treatment 



with diamond powder of NO. 5000. The 4 sub- 
strates were laterally arranged in one level on a 
substrate-supporting tray-cum-buffer material, fol- 
lowed by repeating this arrangement on 4 steps, 

5 and tightly fixed so as to reduce the thermal resis- 
tance between the substrate and tray. As the 
substrate-supporting tray-cum-buffer material, a Mo 
plate with a thickness of 15 mm was used. One 
construction element is constructed of an element 

70 comprising substrate-supporting cooling plates 
holding a plane formed of the thermoelectron radi- 
ation materials from both the sides thereof. In each 
of the construction elements, as a raw material gas 
to be fed to the gap between the substrate-support- 

T5 ing cooling plates from the lower part of the reac- 
tion vessel, hydrogen gas containing 1 % by vol- 
ume of ethanol was flowed at a flow rate of 5 
liter/min was used, while as a raw material gas to 
be fed from the blow-off holes arranged on the 

20 substrate-fixed surface, hydrogen gas containing 4 
% by volume of ethanol was flowed at a flow rate 
of 1 liter/min, amounting to a sum of 2 liter/min, 
from one substrate-fixed surface. Synthesis of dia- 
mond was carried out by adjusting the pressure in 

25 the reaction vessel to 250 Torr, the filament tem- 
perature to 2200 * C and the distance between the 
filaments and substrate surface to 5 mm, control- 
ling the cooling capacity of the cooling plates to 
adjust the temperature of the substrate surface to 

30 1000°C and maintaining these conditions for 20 
hours. 

Thus, diamond with a mean thickness of 400 
urn was fast synthesized at a growth speed of 20 
urn /hr. The quality of the resulting diamond was 

35 comparable to that of Example 1 or 2. The formed 
diamond had an area of 3200 cm 2 which was much 
larger than that formed by the prior art apparatus 
and furthermore, showed a film thickness distribu- 
tion within a range of at most 5 % in the diamond 

40 forming zone and good quality hardly differing 
therein. 

Example 4 

45 Using substantially the same apparatus as 
shown in Fig. 6, gaseous synthesis of diamond was 
carried out. The apparatus was a compact instal- 
lation including a reaction vessel with an inner 
dimension of 70 cm width, 60 cm height and 50 cm 

so depth. As the thermoelectron radiation materials, 
there were used 44 tungsten wires of 0.5 mm in 
diameter and 20 cm in length, vertically stretched 
in a same plane in such a manner that the filament 
gaps are varied at the end parts and central part, 

55 i.e. stretched densely at the end parts and sparsely 
at the central part so as to reduce the temperature 
distribution between the central part and end parts. 
When 44 filaments were stretched, the lateral width 
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was 20 cm. 

As a cooling plate, there was used a water- 
cooled jacket whose inner reinforcement was suffi- 
ciently made by a copper alloy. As substrates to 
be deposited with diamond, low resistance silicon 
substrates each having a size of □ 150 mm x 10 
mm t were used. The surface of the substrate was 
subjected to a mirror polishing to a scratching 
treatment with diamond powder of NO. 5000 and 
then to a roundness treatment of the ridgelines 
forming the diamond so that DC plasma be not 
concentrated. One substrate was fitted and tightly 
fixed to a substrate-supporting tray-cum-buffer ma- 
terial to reduce the thermal resistance between the 
substrate and tray. As the substrate-supporting 
tray-cum-buffer material, a Mo plate with a thick- 
ness of 10 mm was used. 

One construction element is constructed of an 
element comprising substrate-supporting cooling 
plates holding a plane formed of the thermoelec- 
tron radiation materials from both the sides thereof. 
In each of the construction elements, hydrogen gas 
containing 4 % by volume of methane was fed at a 
flow rate of 5 liter/min from the lower part of the 
reaction vessel to the gap between the cooling 
plates. Synthesis of diamond was carried out by 
adjusting the pressure in the reaction vessel to 180 
Torr, the filament temperature to 2250 * C and the 
distance between the filaments and substrate sur- 
face to 5 mm, applying a DC power of 120 W/cm 3 
per unit volume of the space formed between the 
substrates facing each other, controlling the cooling 
capacity of the cooling plates to adjust the tem- 
perature of the substrate surface to 980 *C and 
maintaining these conditions for 10 hours. 

Thus, diamond with a mean thickness of 350 
urn was fast synthesized at a growth speed of 35 
urn /nr. The quality of the resulting diamond was 
somewhat inferior to that of Example 1, 2 or 3 
according to assessment of the Raman spec- 
troscopic analysis method in respect of complete- 
ness of. diamond, i.e. that the peak strength of 
diamond was slightly weak and the full width at half 
maximum was widened. This is probably due to 
that the diamond is contaminated with W and the 
internal stress is large. Above all, the problem of 
the contamination with W can be solved by the use 
of hih purity carbon as the thermoelectron radiation 
material. Since both the forming area and the for- 
ming rate of diamond are large according to this 
method, the production quantity of diamond can 
more be increased as compared with the prior art. 

It will clearly be understood from these exam- 
ples that according to the present invention, high 
quality diamond can be synthesized at a high 
speed over a wide forming zone in a very compact 
synthesis apparatus and accordingly, the present 
invention serves to reduction of the production cost 



by gaseous phase synthesis method of diamond. 
Utility and Possibility 

5 According to the present invention, there can 

be provided an apparatus for the synthesis of dia- 
mond, which is compact and excellent in productiv- 
ity and which comprises large-sized thermoelectron 
radiation materials used as an excitation source in 

w a hot filament CVD method and a reaction vessel in 
which substrates are arranged with such a high 
efficiency in a space for the thermoelectronic emis- 
sion materials that the space capacity of the excita- 
tion source can be exhibited to the maximum, the 

75 utility efficiency of a raw material gas can be 
increased in a reaction zone and the dead zone of 
the reaction vessel can be decreased to reduce the 
occupied area of the synthesis apparatus per the 
diamond forming area. 

20 Since in the apparatus of the present invention, 

a large electric power can be applied to the ther- 
moelectron radiation materials with a large surface 
area and a large electric power can be applied at a 
relatively high pressure to form a DC plasma with a 

25 high energy density, the decomposition and activa- 
tion capacity of a raw material gas can be rendered 
very high. In addition, a raw material gas is fed to 
only the gap between the substrates substantially 
facing each other to hold filaments between them, 

30 so the reaction efficiency can be rendered very 
high. 

Since one construction element is constructed 
of an element comprising substrates faced each 
other to hold filaments between them in a reaction 

35 vessel, and a plurality of the construction elements 
are installed, a diamond-forming zone with a large 
area can be obtained in a compact apparatus and 
consequently, high quality diamond can be syn- 
thesized over the diamond-forming zone with a 

40 large area at a high speed, e.g. several tens urn 
/hr. 

Claims 

45 1- A process for the production of diamond com- 
prising subjecting to decomposition, excitation 
and activation by a thermoelectron radiation 
material heated at a high temperature a raw 
material gas comprising at least one carbon 

so source selected from the group consisting of 

hydrocarbons, hydrocarbons containing oxy- 
gens and/or nitrogens in the bonded groups, 
carbon oxides, halogenated hydrocarbons and 
solid carbon, hydrogen and optionally any one 

55 of inert gases of Group VIII elements, hfeO, O2 

and F 2 and depositing diamond on the surface 
of a substrate provided near the thermoelec- 
tron radiation material, characterized by sur- 
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rounding the circumference of the thermoelec- 
tron radiation material by a cooling plate, pro- 
viding a substrate to be deposited with dia- 
mond between the cooling parte and the ther- 
moelectron radiation material with small gaps 
and controlling the surface temperature of the 
substrate facing the thermoelectron radiation 
material by the cooling plate and optionally a 
buffer material inserted between the cooling 
plate and the substrate, thereby depositing dia- 
mond. 

2. The process for the production of diamond, as 
claimed in Claim 1, in which a wire rod con- 
sisting of a high melting point metal, carbon 
fiber or carbon rod is used as the above de- 
scribed thermoelectron radiation material, a 
plurality of the thermoelectron radiation materi- 
als are vertically stretched in a same plane to 
form a plane of the thermoelectron radiation 
materials, cooling plates having substrates to 
be deposited with diamond, fitted to both the 
sides thereof, are provided to put the plane of 
the thermoelectron radiation materials between 
the cooling plates, the inside of a reaction 
vessel is so constructed that the above de- 
scribed raw material gas is allowed to flow only 
in the gap between the two cooling plates 
substantially facing to each other, and the raw 
material gas is equally fed to the gap between 
the faced cooling plates from the lower part of 
the reaction vessel and exhausted from the 
upper part. 

3. The process for the production of diamond, as 
claimed in Claim 1 or 2, in which a raw ma- 
terial gas is blown off against the thermoelec- 
tron radiation materials from a plurality of gas 
feed ports fitted to a cooling plate or buffer 
matrial, and when another raw material gas is 
simultaneously fed from the lower part of the 
reaction vessel, the other raw material gas 
having a same or different composition is 
blown off. 

4. The process for the production of diamond, as 
claimed in anyone of Claims 1 to 3, in which 
the distance between the above described 
thermoelectron radiation materials and the sur- 
face of a substrate to be deposited with dia- 
mond is at most 40 mm. 

5. The process for the production of diamond, as 
claimed in anyone of Claims 1 to 4, in which 
diamond is deposited while controlling the dis- 
tance between the thermoelectron radiation 
materials and the surface of the substrate to 
be deposited with diamond correspondingly to 



the thickness of diamond formed on the sur- 
face of the substrate. 

6. The process for the production of diamond, as 
5 claimed in anyone of Claims 1 to 5, in which 

one constructive element is constructed of a 
plane formed of the thermoelectron radiation 
materials, put in between cooling plates each 
being provided with a substrate to be depos- 
w ited with diamond, and a plurality of the con- 

structive elements are provided in a reaction 
vessel, thereby depositing diamond. 

7. The process for the production of diamond, as 
75 claimed in anyone of Claims 1 to 6, in which 

diamond is deposited while forming DC plasma 
between the thermoelectron radiation materials 
and a substrate fitted to the buffer material or 
cooling plate. 

20 

8. An apparatus for the production of diamond in 
which a raw material gas comprising at least 
one carbon source selected from the group 
consisting of hydrocarbons, hydrocarbons con- 

25 taining oxygens and/or nitrogens in the bonded 

groups, carbon oxides, halogenated hydrocar- 
bons and solid carbon, hydrogen and option- 
ally any one of inert gases of Group VIII ele- 
ments, H2O, O2 and F 2 is subjected to de- 

30 composition, excitation and activation by a 

thermoelectron radiation material heated at a 
high temperature and diamond is deposited on 
the surface of a substrate provided near the 
thermoelectron radiation material, character- 

35 ized in that the circumference of the ther- 

moelectron radiation material is surrounded by 
a cooling plate, a substrate to be deposited 
with diamond is provided between the cooling 
parte and the thermoelectron radiation material 

40 with small gaps and the surface temperature of 

the substrate facing the thermoelectron radi- 
ation material is controlled by the cooling plate 
and optionally a buffer material inserted be- 
tween the cooling plate and the substrate, 

45 thereby depositing diamond. 

9. The apparatus for the production of diamond, 
as claimed in Claim 8, in which a wire rod 
consisting of a high melting point metal, car- 

50 bon fiber or carbon rod is used as the above 

described thermoelectron radiation material, a 
plurality of the thermoelectron radiation materi- 
als are vertically stretched in a same plane to 
form a plane of the thermoelectron radiation 

55 materials, cooling plates having substrates to 

be deposited with diamond, fitted to both the 
sides thereof, are provided to put the plane of 
the thermoelectron radiation materials between 
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the cooling plates, the inside of a reaction 
vessel is so constructed that the above de- 
scribed raw materia] gas is allowed to flow only 
in the gap between the two cooling plates 
substantially facing to each other, and the raw 5 
material gas is equally fed to the gap between 
the faced cooling plates from the lower part of 
the reaction vessel and exhausted from the 
upper part. 

10 

10. The apparatus for the production of diamond, 
as claimed in Claim 8 or 9, in which the 
cooling plate or buffer material has a plurality 
of raw material gas feeding ports for blowing 

off a raw material gas against the thermoelec- 75 
tron radiation material. 

11. The apparatus for the production of diamond, 2. 
as claimed in anyone of Claims 8 to 10, in 

which the distance between the above de- 20 
scribed thermoelectron radiation materials and 
the surface of a substrate to be deposited with 
diamond is at most 40 mm. 

12. The apparatus for the production of diamond, 25 
as claimed in anyone of Claims 8 to 11, in 
which a mechanism for moving the cooling 
plates each being fitted with the substrates is 
provided to control the distance between the 
thermoelectron radiation materials and the sur- 30 
face of a substrate to be deposited with dia- 
mond. 

13. The apparatus for the production of diamond, 

as claimed in anyone of Claims 8 to 12, in 35 
which a plurality of constructive elemenets 
constructed of a plane formed of the ther- 
moelectron radiation materials, put in between 3b 
cooling plates each being provided with a sub- 
strate to be deposited with diamond, are pro- 40 
vided in a reaction vessel. 

14. The apparatus for the production of diamond, 
as claimed in anyone of Claims 8 to 13, in 

which a means for forming DC plasma be- 45 4. 
tween the thermoelectron radiation materials as 
a hot cathode and cooling plates or buffer 
materials fitted with substrates to be deposited 
with diamond, as an anode, is provided. 

50 

Amended claims 

5. 

1. A process for the production of diamond com- 
prising subjecting to decomposition, excitation 
and activation by a thermoelectron radiation 55 
material heated at a high temperature a raw 
material gas comprising at least one carbon 
source selected from hydrocarbons, hydrocar- 



bons containing oxygen and/or nitrogen, car- 
bon oxides, halogenated hydrocarbons and 
solid carbon and depositing diamond on the 
surface of a substrate provided near the ther- 
moelectron radiation material, characterized by 
surrounding the circumference of the ther- 
moelectron radiation material by a cooling 
plate, providing a substrate on which the dia- 
mond is to be deposited between the cooling 
plate and the thermoelectron radiation material 
and controlling the surface temperature of the 
substrate facing the thermoelectron radiation 
material by means of the cooling plate and 
optionally a buffer material inserted between 
the cooling plate and the substrate, thereby 
depositing diamond. 

A process for the production of diamond as 
claimed in claim 1 , in which a wire rod consist- 
ing of a high melting point metal, a carbon 
fibre or a carbon rod is used as the ther- 
moelectron radiation material, a plurality of the 
thermoelectron radiation materials are vertically 
stretched in the same plane, cooling plates 
having substrates on which diamond is to be 
deposited mounted on both sides thereof be- 
ing provided so that the plane of the ther- 
moelectron radiation material is between the 
cooling plates, the inside of the reaction vessel 
being so constructed that the raw material gas 
is allowed to flow only in the gap between two 
cooling plates substantially facing each other, 
and the raw material gas is fed into the gap 
between the cooling plates from the lower part 
of the reaction vessel and exhausted from the 
upper part of the reaction vessel. 

A process for the production of diamond as 
claimed in claim 1 or claim 2, in which a raw 
material gas is blown against the thermoelec- 
tron radiation material(s) from a plurality of gas 
feed ports fitted to a cooling plate or buffer 
material. 

A process for the production of diamond as 
claimed in any one of claims 1 to 3, in which 
the distance between the thermoelectron radi- 
ation material(s) and the surface of the sub- 
strate on which diamond is to be deposited is 
40 mm or less. 

A process for the production of diamond as 
claimed in any one of claims 1 to 4, in which 
diamond is deposited while controlling the dis- 
tance between the thermoelectron radiation 
materials and the surface of the substrate to 
correspond to the thickness of diamond 
formed on the surface of the substrate. 
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6. A process for the production of diamond as 
claimed in any one of claims 1 to 5, in which a 
plurality of elements comprising a plane 
formed of the therm oelectron radiation material 
are placed between cooling plates which are 
each provided with a substrate on which dia- 
mond is to be deposited. 

7. A process for the production of diamond as 
claimed in any one of claims 1 to 6 in which 
diamond is deposited while forming a DC plas- 
ma between the thermoelectron radiation 
material(s) and a substrate mounted on the 
buffer material or cooling plate. 

& A process for the production of diamond as 
claimed in any one of claims 1 to 7 wherein 
the carbon source is a gas which is mixed with 
hydrogen. 

9. A process for the production of diamond as 
claimed in claim 8 wherein the carbon source 
is mixed with an inert gas, hfcO, Oz or F 2 . 

10. An apparatus for the production of diamond in 
which a raw material gas comprising at least 
one carbon source selected from hydrocar- 
bons, hydrocarbons containing oxygen and/or 
nitrogen, carbon oxides, halogenated hydrocar- 
bons and solid carbon, is subjected to de- 
composition, excitation and activation by a 
thermoelectron radiation material heated at a 
high temperature and diamond is deposited on 
the surface of a substrate provided near the 
thermoelectron radiation material, character- 
ized in that the circumference of the ther- 
moelectron radiation material is surrounded by 
a cooling plate, a substrate on which diamond 
is to be deposited is provided between the 
cooling plate and the thermoelectron radiation 
material and the surface temperature of the 
substrate facing the thermoelectron radiation 
material is controlled by the cooling plate and 
optionally a buffer material inserted between 
the cooling plate and the substrate. 

11. An apparatus for the production of diamond as 
claimed in claim 10 in which a wire rod con- 
sisting of a high melting point metal, a carbon 
fibre or a carbon rod is used as the ther- 
moelectron radiation material, a plurality of the 
thermoelectron radiation materials are vertically 
stretched in the same plane, cooling plates 
having substrates on which diamond is to be 
deposited mounted on both sides thereof be- 
ing provided so that the plane of the ther- 
moelectron radiation material(s) is between the 
cooling plates, the inside of the reaction vessel 



is constructed so that the raw material gas is 
allowed to flow only in the gap between two 
cooling plates substantially facing each other, 
and the raw material gas is fed into the gap 
5 between the cooling plates from the lower part 

of the reaction vessel and exhausted from the 
upper part of the reaction vessel. 

12. An apparatus for the production of diamond as 
w claimed in claim 10 or claim 11 in which the 

cooling plate or buffer material has a plurality 
of raw material gas feeding ports for blowing a 
raw material gas against the thermoelectron 
radiation material. 

T5 

13. An apparatus for the production of diamond as 
claimed in any one of claims 10 to 12, in which 
the distance between the thermoelectron radi- 
ation material(s) and the surface of a substrate 

20 on which diamond is to be deposited is 40 mm 

or less. 

14. An apparatus for the production of diamond as 
claimed in any one of claims 10 to 13 in which 

25 a mechanism for moving the cooling plates 

having one or more substrates mounted there- 
on is provided to control the distance between 
the thermoelectron radiation materials and the 
surface of the substrate on which diamond is 

30 to be deposited. 

15. An apparatus for the production of diamond, as 
claimed in any one of claims 10 to 14 in which 
a plurality of elements comprising a plane 

35 formed of the thermoelectron radiation materi- 

als are placed between cooling plates which 
are provided with a substrate on which dia- 
mond is to be deposited. 

40 16. An apparatus for the production of diamond as 
claimed in any one of claims 10 to 15 in which 
a means is provided for forming a DC plasma 
between the thermoelectron radiation materials 
as a hot cathode, and the cooling plates or 

45 buffer materials having mounted thereon the 

substrates on which diamond is to be depos- 
ited, as an anode. 
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